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D script! n 

Technical Field 

This invention relates to optical mensuration devic- 
es in general, and in particular to an improved method 
and appararus for the optical mensuration of the surface 
shape of a three-dimensional object. 

More specifically, the invention relates to an optical 
mensuration apparatus for mapping and recording the 
location of points on a surface of a three-dimensional 
object being positioned in immovable relation to position 
detecting means remotely located from said object, 
comprising: 

scanning means for projecting a scanning beam on- 
to the surface of the object to illuminate a plurality 
of spots on the surface of the object wherein the 
position of said scanning means is detectable by the 
position detecting means; 

spot detector means mounted to said scanning 
means for detecting the positions of the illuminated 
spots on the surface of the object in relation to said 
scanning means; and 

computing means connected to said position de- 
tecting means and to said scanning means for de- 
termining and recording the positions of said illumi- 
nated spots on the surface of the object with respect 
to the position detecting means. 

Additionally, the invention relates to a method for 
determining and mapping the locations of surface points 
on a three-dimensional object, comprising the steps of: 

positioning said object in a fixed, spatial relation to 
a position detecting means; 

projecting a scanning beam from a beam projector 
mounted in a scanning device and moving the scan- 
ning device in relation to said object in such a man- 
ner as to illuminate a plurality of spots on the surface 
of the object; 

detecting the positions of the respective illuminated 
spots on the surface of the object in relation to the 
respective positions of the scanning device when 
each respective spot is illuminated; 

projecting a plurality of pilot light rays from a plurality 
of pilot light sources positioned in spatial relation to 
each other on said scanning device simultaneously 
with the steps of projecting said scanning beam and 
detecting the positions of the illuminated spots; 

detecting the plurality of pilot light rays with said po- 
sition detecting means comprising a plurality of de- 



tectors positioned in spaced apart relation to each 
other to determine the position of the scanning de- 
vice in relation to said position detecting means si- 
multaneously with th step of detecting the posi- 
s tions of said illuminated spots on said object in re- 
lation to said scanning device; arid 

computing the positions of the illuminated spots on 
the surface of the object with respect to the position 
10 detecting means. 

Such apparatus and method are known from US-A- 
4585 350. 

Numerous mensuration systems exist in the prior 

1$ art for sensing the locations of surface points on three- 
dimensional solid objects in relation to a predefined 
fixed reference frame or coordinate system for input into 
an application system, such as a computer or other de : , 
vice for measurement or analysis. For example, oni 

20 type of mensuration system that can be used to deter- 
mine the location of a single point on the surface of an 
object includes the use of a narrow projected beam of 
light to illuminate a tiny area or spot on the surface of 
the object. A lens in the system is positioned on an op- 

25 tical axis oblique to the axis of the projected beam and 
is used to focus the reflected light from the illuminated 
spot onto a photoelectric sensor or onto a linear array 
of sensors. Since the optical axis of the lens and sensor 
assembly in that type of system is not coincident with 

30 the axis of the projected beam, the position of the imag 
of the illuminated spot on the sensor will-depend on the 
location of the particular illuminated surface point with 
respect to the illuminating beam. Therefore, the location 
of the illuminated point with respect to the predeter- 

35 mined reference frame can be determined by computing 
the distance of the illuminated surface point from the or- 
igin of the light beam which, of course, is known. Exam- 
ples of such point illumination optical mensuration sys 
terns are found in the following U.S. Patents: 4,660,970: 

40 4,701,049; 4,705,395; 4,709,156; 4,733,969; 
4,743,770; 4,753,528; 4,761,072; 4,764,016; 
4,782,239; and 4,825,091 . 

Of course, to determine the overall shape of an ob- 
ject, numerous individual surface points, along with their 

45 respective locations, must be measured and recorded. 
Such optical measurement of multiple surface points of 
an object is typically accomplished by mounting th 
beam projector on a moveable scanning head capable 
of being moved from point-to-point with very high preci- 

50 sion, such as the type commonly found on numerically 
controlled milling machines. By precisely moving the 
beam projector mounted on the scanning head in a 
raster-like scanning pattern, it is possible to measure 
the surface shape of the object being scanned by meas- 

55 uring the individual locations of surface points individu- 
ally illuminated by the point-like scanning beam as it is 
scanned over the object's surface. Alternatively, the ob- 
ject itself can be moved while the scanning head re- 
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mains stationary. One disadvantage of this type of sys- 
tem is that only one side of the object may be scanned 
at any one time, since other sides of the object are hid- 
den by the side being scanned. Scanning of these hid- 
den sides can only be accomplished by relocating either 
the scanning head or the object to expose the previously 
hidden surfaces to the scanning beam. Obviously, such 
a relocation requires time and precision equipment to 
keep track of the changed position of the scanning head, 
or the object in relation to the fixed reference frame so 
that the new surface data will correspond to the previ- 
ously obtained surface data. Helical or three-dimension- 
al scanning heads solve this problem by allowing the 
entire object to be scanned at once. However, such hel- 
ical systems are relatively expensive, since they require 
complex mechanical apparatus to move the scanning 
head around the object in three-dimensions. 

Regardless of the scanning method used, however, 
deep holes, overhangs, undercuts, and surfaces nearly 
parallel to the axis of the scanning beam reduce the ac- 
curacy of the system, since it is difficult to accurately 
measure these points, if they can even be illuminated 
by the scanning beam at all. For example, such systems 
cannot completely scan the inside, outside, and handle 
details of a coffee cup without requiring the scanning 
apparatus to be relocated or the object to be re-oriented 
€o that the inside surfaces or other surfaces previously 
hidden from the scanning beam can be illuminated by 
the beam, thus measured and recorded. As discussed 
earlier, such re-locations or re-orientations have the dis- 
advantage of having to recalibrate the scanning appa- 
ratus, or otherwise re-correlate the new surface points 
with respect to the original coordinate system. Moreo- 
ver, even if such relocations or reorientations are not 
required, such as in the case of a helical scanning ap- 
paratus, there is still a severe loss of accuracy when 
scanning' near the top or bottom of a rounded object, 
unless the scanning head and detector are relocated to 
better illuminate and detect such points. Furthermore, 
these types of systems are not very portable or adapt- 
able since they require high precision electro-mechani- 
cal or other apparatus to accurately move the scanning 
heads (or the object) and define their positions in rela- 
tion to the predetermined reference frames. Therefore, 
all these prior art scanning systems will usually require 
some type of relocation of the scanning apparatus or re- 
orientation of the object to completely measure and 
record all of the surface details. 

A variant of the above-described systems projects 
a thin beam of light in a single plane which, of course, 
is incident as a line, as opposed to a point, on the surface 
of the object being scanned. The intersection of this 
plane of light with the object's surface thus forms a 
brightly illuminated contour line. A two-dimensional 
electronic video camera or similar device whose optical 
axis is not coincident with the axis of the illuminating 
beam, detects the image of this contour line. Again, 
since the optical axis of the camera is not coincident with 



the axis of the illuminating light beam, it views the con- 
tour line from an oblique angle, thus allowing location of 
the contour line to b precisely determined in relation to 
the known position of the beam projector. Examples of 

$ inventions using this type of system are found in th fol- 
lowing U.S. patents: 4,821,200; 4,701,047; 4,705,401; 
4,737,032; 4,745,290; 4,794,262; 4,821,200; 
4,743,771; and 4,822,163. 

To measure more than one contour line of an object, 

10 either the measuring apparatus or the object is panned 
along (or rotated about) an axis through the object. 
While these line scanning devices share similar draw- 
backs with the point scanning devices previously de- 
scribed, they do operate much faster, gathering a larger 

15 number of sample points during a given scanning inter- 
val. Unfortunately, the accuracy of each surface sample 
point is limited by the relatively low resolution of the two- 
dimensional charge coupled device (CCD) sensors 
found in most video cameras, which is typically in the 

20 range of 1 part in 512. Even worse, these systems still 
suffer the disadvantages of the point scanning systems 
in that either the scanning head or the object must be 
relocated or re-oriented to completely and accurately 
record all of the surface details of an object. 

25 still other mensuration systems track the positions 
of specific points in three-dimensional space by using 
small radiating emitters which move relative to fixed re- 
ceiving sensors, or vice versa. Such radiation emitters 
may take the form of sound, as disclosed in US-A- 

30 3821 469, light, as disclosed in US-A-4209254 or in US- 
A-4649504, or nutating magnetic fields, as disclosed in 
UStA-3983474. Another mensuration system uses a 
pair of video cameras plus a computer to calculate the 
. position of homologous points in the pair of stereograph- 

3S jc video images. See, for example, U.S. patents 
4,836,778 and 4,829,373. The points tracked by this 
system maybe passive reflectors or active light sources. 
The latter simplifies finding and distinguishing the 
points. 

40 A further mensuration system provides reference 
points on an object. Then, the position of further points 
with respect to these reference points is measured in a 
non-contacting manner. DE-A-3807578 discloses an 
apparatus in which such further points are marked by 

45 small radiation emitters. US-A-4721388 discloses an 
apparatus in which the object is scanned by a light spot 
such that the shape of the object can be determined. 

A method and an apparatus for determining the sur- 
face shape are known from WO88/0991 4. These optical 

so profiling method and apparatus are provided wherein a 
moving light source is passed over a surface whose 
shape is to be determined, into orthogonal paths and is 
fixed at a plurality of positions along each path such that 
the light source illuminates the surface at a different 

55 slope for each position. A binary image camera photo- 
graphs the surface for each of the fixed positions and 
the points at which each of a plurality of points on the 
surface is first illuminated and last illuminated, as well 
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as the points that last shadowed or last failed to shadow 
any given point, are recorded. Constraint equations de- 
velop the effect a given point has on his last and failing 
shadowers and the effect each last and failing shadower 
has on the given point. Upper and lower bounds of these s 
points are iteratively recalculated according to the con- 
straint equations until none of the points exhibit any 
more change in their upper and lower bounds. 

Additional prior art relevant to this patent application 
are found in the following references: io 

Burton, R.P.; Sutherland, I. E.; "Twinkle Box--a 
three dimensional computer input device", National 
Computer Conference, AFIPS Proceedings, v 43, 
1974, p 51 3-520; is 
Fischer, P.; Mesqui, F.; Kaeser, R; "stereometric 
measurement system for quantification of object 
forms", SPIE Bbstereometrics 602, 1985, p 52-57; 
Fuchs, H.; Duran, J.; Johnson. B.; "Acquisition and 
Modeling of Human Body Form Data", Proc. SPIE, 20 
v 166, 1978, p 94-102; 

Macellari, V; "A Computer Peripheral Remote 
Sensing Device for 3-Dimensional; Monitoring of 
Human Motion", Med. & Biol. Eng. &Comput., 21, 
1983, p 311-318; 2s 
Mesqui, E; Kaeser. R: Fischer. P.; "real-time, non- 
invasive recording and 3-d display of the f unctional 
movements of an arbitrary mandible point", SPIE 
Biostereometrics 602, 1985, p 77-84; 
Yamashita, Y; Suzuki, N.; Oshima, M.; "Three Di- 30 
mensional Stereometric Measurement System Us- 
ing Optical Scanners, Cylindrical Lenses, and Line 
Sensors", Proc. SPIE, v. 361, 1983, p. 67-73. 

In particular, the paper by Fuchs, et al, (1978) de- 35 
scribes a basic method of tracking a light source in 
three-dimensional space. The method is based on using 
three or more one-dimensional sensors, each consist- 
ing of a cylindrical lens and a linear array of photodetec- 
tors, such as charge coupled devices (CCDs), to deter- 40 
mine the location of the currently radiating source. 

. Numerous other methods have been devised and 
patented for determining the position of a point along a 
line, within a plane, or in three-dimensional space. De- 
vices employing these methods include photographic 45 
camera rangefinders, tablet digitizers, coordinate meas- 
uring machines, and surveying topis. Some exploit 
sound, magnetic fields, or mechanical apparatus for 
mensuration, and there are other devices employing x- 
rays, nuclear magnetic resonance, radar, sonar, and ho- so 
lography to sense the shapes of objects. Such mechan- 
ical apparatus is disclosed in US-A-4833630. 

Unfortunately, each of the above mensuration sys- 
tems has its own set of drawbacks, which include high 
cost, poor accuracy, poor resolution, awkward or difficult ss 
use, limitations on geometrical complexity, excessive 
numerical computation, or slow measurement speed. 
Experience has shown that no single prior art system 



best suits all three-dimensional measurement applica- 
tions. For example, there is no existing mensuration de- 
vice that can perform even straightforward anatomical 
measurements of a person without significant draw- 
backs. 

Thus, there remains a need for a non-contact, 
three-dimensional optical mensuration system which is 
capable of accurate, speedy, convenient, and inexpen- 
sive sensing of three-dimensional geometric shapes or 
objects. Ideally, the scanning head of such an improved 
system should be hand-held to allow the operator to 
easily move the scanning beam over some of the more 
complex surface details of the object while dispensing 
with the need for the expensive, cumbersome, and high 
precision scanning head positioning apparatus currently 
required. Such a hand-held scanner must also provide 
the accuracy and precision associated with currently 
available optical mensuration systems, that is, it must- : ^ 
be able to accurately measure and precisely locate th^^ 
surface details of the object in relation to the predeter- 
mined reference frame. 

Disclosure of Invention 

Accordingly, it is an object of the present invention 
to provide an improved, non-contact, three-dimensional 
optical mensuration system capable of accurately sens- 
ing the surface shapes of three-dimensional objects 
without the numerous drawbacks associated with the 
prior art systems. 

It is another object of this invention to provide an 
optical mensuration system that is inexpensive, porta- 
ble, and easy to use. 

It is a further object of this invention to provide a 
three-dimensional optical mensuration system which 
can quickly scan4he surface of the object without th 
need for expensive, complicated, and high precision 
mechanical positioning apparatus to position either the 
scanning head or the object being scanned. 

A still further object of this invention is to provide a 
portable, hand-held, and hand -man euverable scanner 
for the three-dimensional, non-contact shape-scanning 
and/or mensuration of three-dimensional objects. 

Additional objects, advantages, and novel features 
of this invention shall be set forth in part in the descrip- 
tion that follows, and in part will become apparent to 
those skilled in the art upon examination of the following 
or may be learned by the practice of the invention. The 
objects and the advantages of the invention may be re- 
alized and attained by means of the instrumentalities 
and in combinations particularly pointed out in the ap- 
pended claims. 

To achieve the foregoing and other objects and in 
accordance with the purposes of the present invention, 
as embodied and broadly described herein, an appara- 
tus of the above-mentioned type is provided character- 
ized in that said scanning means are held such that they 
are independently movable with respect to said position 
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detecting means and said obj ct. 

Further, these objects can be achieved with a meth- 
od of the above-mentioned type characterized in that 
said moving the scanning device is performed inde- 
pendently from said position detecting means and said 
object. 

The apparatus for three-dimensional, non-contact 
shape sensing of this invention may comprise a hand 
held scanning head with a light source for projecting a 
scanning light beam over the surface of the object being 
scanned. Two spot detectors mounted on the hand-held 
scanning head are operative to detect the position of the 
illuminated spot on the surface of the object in relation 
to the scanning head. Three pilot light detectors, the po- 
sitions of which are known with respect to a predeter- 
mined coordinate system, detect the positions of the 
three pilot light emitters positioned in spaced-apart re- 
lation on the scanning head as the pilot light emitters 
are. strobed in sequence. A coordinate computer con- 
nected to the scanning head and to the pilot light detec- 
tors receives data from the spot detectors and calcu- 
lates the position of the illuminated spot with respect to 
the scanning head. The coordinate computer then cal- 
culates the various positions and orientations of the 
scanning head in relation to the predetermined coordi- 
nate system on a real time basis from the data received 
from the pilot light detectors. Finally, the coordinate 
computer calculates the position of the illuminated spot 
in relation to the predetermined coordinate system by 
correlating the position of the illuminated spot in relation 
to the scanning head with the position of the scanning 
head in relation to the predetermined coordinate sys- 
tem. 

The method of this invention includes the steps of 
sweeping a scanning beam projected from the hand 
held scanning head over the surface of the object being 
scanned to illuminate a spot on the surface of the object, 
detecting the position of the illuminated spot with re- 
spect to the scanning head, detecting the position of the 
scanning head in relation to a predetermined coordinate 
system, and computing the position of the illuminated 
spot in relation to the predetermined coordinate system 
by correlating the position of the illuminated spot in re- 
lation to the scanning head with the position of the scan- 
ning head in relation to the predetermined coordinate 
system. 

Brief Description of the Drawings 

The accompanying drawings, which are incorporat- 
ed herein and form a part of the specification illustrate 
preferred embodiments of the present invention, and to- 
gether with the description, serve to explain the princi- 
ples of the invention. 
In the drawings: 

Figure 1 is a block diagram of the optical mensura- 
tion apparatus of the present invention showing the 



major components; 

Figure 2 is a perspective view of the hand held scan- 
ning head of the present invention, showing how it 
can be positioned to direct the scanning beam onto 

s the surface of the object being scanned; 

Figure 3 is a plan view of the scanning head of the 
present invention with the top surface broken away 
to more clearly show the arrangement of the optical 
projecting apparatus and the spot detectors; 

io Figure 4 is a schematic perspective representation 
of one of the one-dimensional photodetectors of the 
present invention; 

Figure 5 is a schematic block diagram of the optical 
mensuration apparatus of the present invention 

is showing in detail the functions and operations of the 
control unit and coordinate computer; and 
Figure 6 is a graph of signal strength vs. location on 
the detector surface for a typical light detector used 
by the optical mensuration apparatus of the present 

20 invention. 

Best Mode for Carrying Out the Invention 

the optical mensuration apparatus 10 of the 

2S present invention is shown schematically in Figure 1 and 
comprises a hand-held or moveable scanning head 12 
housing light beam projecting apparatus 14 (not shown 
in Figure 1 , but shown in Figure 3), two one-dimensional 
spot sensors or detectors 16, 18, and three pilot light 

30 emitters 20, 22, and 24. Three remotely located, one- 
dimensional pilot light sensors 26, 28, and 30 are mount- 
ed in fixed, spaced-apart relation to each other and are 
located at known posifbns with respect to a predeter- 
mined reference coordinate system or frame 80. These 

35 three pilot sensors 26, 28, and 30 sense the light pro- 
jected by the individual pilot light emitters 20, 22, and 
24 and generate electrical output signals from which is 
derived the location of the scanning head 12 with re- 
spect to the fixed coordinate system 80. A control unit 

40 32 connected to the moveable scanning head 1 2 via da- 
ta line 46 and connected to the remotely located sensors 
26, 28, and 30 via data lines 48, 50, and 52, respectively, 
synchronizes the time multiplexing of the three pilot 
emitters 20, 22, and 24, controls the operation of the 

45 beam projecting apparatus 1 4, and receives data from 
the two spot sensors 16, 18 on scanning head 12, as 
will be completely described below. A coordinate com- 
puter 34, connected to control unit 32 by data line 54 
calculates the three-dimensional spatial coordinates of 

so the illuminated spot 36 in relation to the predetermined 
coordinate reference frame 80, which position informa- 
tion can then be used by an application system 82. 

In operation, the light beam projecting apparatus 14 
housed in the hand held scanner head 12 directs a nar- 

55 row beam of light or scanning beam 42 onto the surface 
40 of object 38 to illuminate a small portion or spot 36 
on the surface 40. R fleeted light 43 from illuminated 
spot 36 is detected by the two one-dimensional spot 
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sensors or det ctors 16, 18 mounted on scanner head 
12. These sensors 16, 18 sense the location of the illu- 
minated spot 36 with respect to the position of the move- 
able scanner 12 by measuring the relative angular par- 
allax of the reflected light 43 from illuminated spot 36. 5 
Next, the spatial position and orientation of the move- 
able scanner head 12 at that same instant are deter- 
mined by measuring the locations of the three time mul- 
tiplexed pilot light emitters 20, 22, and 24 relative to the 
known positions of the pilot light sensors 26, 28, and 30. 10 
Finally, the parallax data from each of the sensors 16, 
18, 26, 28, and 30 are ultimately fed to the coordinate 
computer 34, which determines the position of the illu- 
minated spot 36 with respect to the predetermined ref- 
erence frame by correlating the position of the illuminat- is 
ed spot 36 in relation to the scanner head 12 with the 
position of the scanner 12 in relation to the fixed pilot 
light sensors 26, 28, and 30, which are positioned in re- 
lation to the predetermined reference frame 80 at pre- 
cisely predetermined locations at conveniently spaced ?o 
distances from each other and from the object 38 and 
the hand-held scanner 12. If the computer can make 
these location or position calculations very fast, the op- 
eration can be performed over and over again in se- 
quence as the scanner head 1 2 moves in relation to the 25 
object, thus resulting in effectively real time mensuration 
of the object as the scanner head 12 moves. 

By using this two-stage measurement system, i.e., 
first measuring the location of the illuminated spot 36 in 
relation to the scanning head 12 at a particular instant 30 
in time, and then determining the position of the scan- 
ning head 1 2 in relation to the predetermined reference 
frame at that same instant in time, the optical mensura- 
tion apparatus 10 of the present invention dispenses 
with the need for high precision head positioning appa- 35 
rat us and the complex and expensive mechanical struc- 
ture typically associated therewith. Further, the hand- 
held scanner 1 2 is easily manipulated by the operator 
to direct the scanning beam 42 over complex, interior, 
or blind surface details, which would otherwise be diffi- 40 
cult to scan, thus speeding the scanning operation. 

The details of the optical mensuration apparatus 10 
of the present invention are best understood by referring 
to Figures 2, 3, and 4 simultaneously. Essentially, the 
hand-held scanner head 12 houses the light beam pro- 
jecting apparatus 1 4 (Figure 3), the two one-dimension- 
al spot sensors or detectors 16, 18, and the three pilot 
light emitters 20, 22, and 24. A handle 44 allows the 
scanner head 12 to be easily manipulated by the oper- 
ator to guide the scanning beam 42 over the various 50 
shapes and hidden contours of the surface 40 of object 
38. 

In the preferred embodiment, the light beam pro- 
jecting apparatus comprises a helium-neon (He-Ne) la- 
ser 56 to generate collimated scanning beam 42. Of 55 
course, other devices could be used to produce th 
spot-like scanning beam, as would be readily apparent 
to persons having ordinary skill in the art. For example, 



laser 56 could be replaced by a light emitting diode 0 
(LED) and associated collimating lens. Other sources 
and lens combinations are possible so long as the ap- 
paratus is capable of projecting a small, well defined 
beam of light on the surface of the object. A planar mirror 
58, which could be optionally pivotalfy mounted as 
shown in Figure 3, directs beam 42 to a rotating many- 
faceted mirror 60, which directs, or scans beam 42 over 
the surface 40 in a single plane relative to the scanner 
12 (i.e., the plane of the paper in Figure 3). Of course, 
the number of sides of the rotating, many-faceted mirror 
60 determines the angle through Which scanning beam 
42 sweeps. For example, the pentagonal mirror shown 
in Figure 3 will sweep the beam through a 144-degree 
angle. More sides will sweep the beam through smaller 
angles. Moreover, other scanning paths are possible by 
using irregularly shaped mirrors or multiple rotating mir- 
rors, and the present invention should not be regarded? 
as limited by the particular scanning apparatus showr. 
and described herein. 

While the rotating mirror 60 can be rotated in eith r 
direction with equal effectiveness, the rotating mirror 60 
in the preferred embodiment 10 is rotated in the direction 
indicated by arrow 62 by a simple, unsynchronized mo- 
tor (not shown). As mentioned above, planar mirror 58 
may be optionally pivotally mounted such that it can be 
swung out of the beam path to position 58' (shown in 
broken lines in Figure 3) to inhibit the scanning action 
of the beam 42. With the mirror at position 58* the beam 
42 will exit straight out aperture 64 in scanner 12 which 
can then be used as a point-type scanner or as a non- 
contact pointer for identifying some single point of inter- 
est on the surface 40 of object 38. 

The details of the one-dimensional spot detectors 
16, 18 are best understood by referring to Figure 4. Ac- 
tually, all of the one-dimensional sensors 16, 18, 26, 28, 
and 30 used in the preferred embodiment 10 of the 
present invention are identical to the one-dimensiona 
spot detector 16 in every respect. Therefore, for the pur- 
pose of giving a detailed description of this embodiment, 
only the sensor 1 6 is shown and described in detail since 
the remaining sensors 18, 26, 28, and 30 have identical 
features. 

Referring now to Figure 4, the one<Jimensional 
sensor 1 6 comprises a cylindrical lens 66 that has a lon- 
gitudinal axis 74 which is orthogonal to the optical axis 
76 of the sensor 16. A linear photodetector 68, such as 
a charge coupled device (CCD) with several thousand 
elements, or a similar device capable of linear light de- 
tection with an elongated aperture 78 is positioned in 
such a manner that optical axis 76 passes through ap- 
erture 78 and such that the long axis of aperture 78 is 
orthogonal to the plane containing the longitudinal axis 
74 of lens 66. The incident light beam 43 reflected from 
illuminated spot 36 is then focused by the cylindrical lens 
66 into a real image line 72 on the surface 70 of linear 
photodetector 68, which is a characteristic of this type 
of lens. 
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The CCD detector 68 then generates a signal, such 
as the one shown in Figure 6, that is related to the po- 
sition of real image line 72 on the surface 70 of photo- 
d tector 68, thus characterizing the location of the im- 
age itself. That is, those elements of th detector 68 il- s 
luminated by the real image line 72 will generate a 
strong signal, while those not illuminated will generate 
a weak signal. Thus, a graph of signal strength vs. lo- 
cation on the surface of the CCD will resemble the signal 
peak curve 100 shown in Figure 6. Note that the "zero" 10 
signal level 102 is never quite zero due to the effects of 
background light and other imperfections in the sensor. 
In any event, since the image of illuminated spot 36 is 
focused into line 72, only the horizontal displacement of 
spot 36 from optical axis 76 is measured by detector 68, is 
hence the designation "one-dimensional detector." 

Thus, a single one-dimensional detector 16 can on- 
ly locate the plane on which spot 36 particular beam lies, 
but detector 16 cannot, by itself, determine the unique 
location or position in space on which point 36 is located. 20 
To precisely locate the location in space of point 36 
would require three such detectors positioned in 
spaced-apart relation to each other, since the intersec- 
tion of three planes defines a point However, if the plane 
containing the aperture 78 of detector 1 6 is in the same 2s 
plane as the scanning beam 42, only two detectors are 
required to uniquely locate the position of spot 36. 
Therefore, in the preferred embodiment 10 of the 
present invention, the apertures 78 of the respective 
photodetectors 1 6, 1 8, lie in the same plane as the scan- 30 
ning beam 42, thereby allowing the exact point in space 
of illuminated spot 36 to be determined with only two 
detectors 16, 1 8. 

The three pilot light emitters 20, 22, and 24 (Figures 
1-3) can be high intensity light emitting diodes (LEDs), 3S 
which are preferably time multiplexed or strobed by con- 
trol unit 32 in a predetermined manner such that only 
one pilot light LED is "on" or emitting light at any one 
time. The light emitted from any one of these emitters 
20, 22, and 24 is detected by each of the three pilot light 40 
detectors 26, 28, and 30, which then determine the po- 
sition of that particular emitter in relation to the* known 
positions of the detectors 26, 28, and 30 at the instant 
in time that it is strobed or illuminated. To locate the po- 
sition of a particular illuminated one of emitters 20, 22, 
24, the pilot light detectors 26, 28, and 30 are mounted 
so that their optical axes are not collinear. In the pre- 
ferred embodiment, two pilot light detectors, such as de- 
tectors 26, 30 in Figure 1, are situated such that their 
respective axes 74 (Figure 4) are in parallel spaced- so 
apart relation, with the third detector 28 situated be- 
tween the first two, but with its axis 74 perpendicular to 
the first two. As described above, each of the detectors 
26, 28, and 30 then determines a unique plane in which 
the given pilot emitter lies, the. intersection of which de- ss 
fines the exact location of that illuminated emitter. 

While this process of det cting the position of a giv- 
en illuminated pilot emitter 20, 22, 24 can locate the ex- 



act position of the illuminated emitter, it cannot deter- 
mine the particular orientation of the entire scanner 
head 12 in three-dimensions. To do so requires the de- 
tection of the locations of at least three spaced-apart 
emitters whose orientations with respect to one another 
are known. Therefore, the optical mensuration system 
10 of the present invention determines the orientation 
of the scanning head 12 in three-dimensional space by 
using the three (3) pilot emitters 20, 22, and 24, whose 
relative positions on the scanning head 1 2 are fixed and 
known. Consequently, when each of the emitters 20, 22, 
and 24 are rapidly turned on in sequence, the sensors 
26, 28, and 30 can detect the exact position of each 
emitter in turn, thus determine the exact location and 
orientation of the scanning head 12. Since only one of 
the pilot light emitters 20, 22, 24 is on at any one time, 
the detectors 26, 28, 30 locate the position of that par- 
ticular illuminated pilot light only. If the strobe rate, that 
is, the frequency at which the emitters 20, 22, 24 are 
turned on and off in sequence, is fast enough, the de- 
tectors 26, 28, and 30 can, for all practical purposes, 
determine the position and orientation of the scanning 
head 1 2 at any instant in time. 

Note that the detectors 26, 28, 30, need only distin- 
guish which of the pilot light emitters 20, 22, 24 is "on" 
or illuminated at any one time. In the preferred embod- 
iment 1 0 of the present invention, this function is accom- 
plished by strobing or illuminating each of the emitters 
20, 22, 24 in sequence. However, other methods could 
be used to allow the detectors 26, 28, 30 to distinguish 
the respective pilot light emitters 20, 22, 24 from one 
another. For example, different colors of light could be 
used in conjunction with detectors capable of distin- 
guishing those particular colors or wavelengths of light. 
Alternatively, the respective pilot light emitters 20, 22, 
24 could be modulated with a unique "tone" for each 
emitter. The control unit 32 or coordinate computer 34 
could then be programmed to demodulate the tone, thus 
determine to which particular emitter 20, 22, or 24 the 
position signal belongs. Numerous other methods of 
distinguishing the pilot light emitters 20, 22, and 24 are 
possible and would be readily apparent to persons hav- 
ing ordinary skill in the art. Therefore, the present inven- 
tion should not be regarded as limited to the particular 
strobing method shown and described herein. 

The details of the structure and operation of the con- 
trol unit 32 are best seen in Figure 5. Specifically, control 
unit 32 supplies power to the light beam projecting ap- 
paratus or source 14, the beam spot sensors 16, 18, the 
pilot light emitters or sources 20, 22, and 24, and the 
pilot light sensors 26, 28, and 30. The control and syn- 
chronization unit 84 and light source sequencer 86 time 
multiplexes or strobes the beam projecting apparatus 
14 and th pilot lights 20, 22, and 24 individually, as de- 
scribed above, so that the position and orientation of the 
scanning head 12 can be determined from the signals 
received from pilot light sensors 26, 28 and 30. The an- 
gular data signals received from the pilot light sensors 



7 



13 



EP 0 553 266 B1 



14 



26. 28, and 30 and from the spot sensors 16, 18, are 
convert dbyanalogtodigitalconverter88. Actually, five 
analog to digital converters ar used, as shown in Figure 
5, but only one Is labeled and described herein for brev- 
ity, since the other four analog to digital converters are s 
identical and are used to convert the signals from sen- 
sors 28 and 30 and 16 and 18, respectively. 

The control and synchronization unit 84 also con- 
trols five switches, of which switch 90 is typical, which 
store all digital data received from the sensors 26, 28, io 
and 30 and 16 and 18 when the pilot light emitters and 
scanning beam 42 are "off," and stores these data in 
background memory 92. Then, when the pilot light 
sources and scanning beam are illuminated in se- 
quence by light source sequencer 86, the control and is 
synchronization unit 84 changes the state of switch 90, 
which then redirects the data from the five sensors to 
the subtraction unit 94 Subtraction unit 94 subtracts the 
■background" data from the illuminated data, thus result- 
ing in a signal relatively free from background noise sig- 20 
nal 102 (Figure 6), since it has been subtracted from the 
signal. 

Referring now to Figures 4 and 6 in conjunction with 
Figure 5, the first-last over-threshold unit 96 computes 
the location of the real image line 72 on the CCD sensor 2s 
68 (Figure 4) by measuring the locations of the edges 
104, 106 of the signal blip 100 (Figure 6) generated by 
the CCD sensor based on a predetermined threshold 
signal level. The first-last over-threshold unit 96 then av- 
erages the distance between the two edges to find the 30 
center of the signal peak, which is often dipped, as 
shown in Figure 6. This particular method of determining 
the center of the signal peak is well known in the art and 
will not be described in further detail. Moreover, numer- 
ous other methods of determining the location of the sig- 35 
nal peak are known in the art, and would be obvious to 
those having ordinary skill in the art. The particular 
method used would depend on the signal characteristics 
of the particular light sensor used, as well as the char- 
acteristics of the lens system used to focus the light onto 40 
the surface of the detector, as well as other parameters. 
Those practicing this invention with the various alter- 
nates described herein would have no trouble selecting 
a signal detection algorithm best suited to the particular 
characteristics of the sensors. 45 

Finally, control unit 32 (Figure 5) transmits the po- 
sition data to the coordinate computer 34. That is, when 
the coordinate computer 34 is ready to compute the cur- 
rent location of the illuminated spot 36 on the object, the 
latest angular data from all sensors are provided for an- so 
alyzation. If the spot sensors 16, 18, or the pilot light 
sensors 26, 28, and 30, generate data faster than the 
control unit 32 can process them, the angular data are 
simply discarded. 

The details of the coordinate computer 34 are also ss 
best seen in Figure 5. Essentially, the coordinate com- 
puter 34 calculates one-dimensional positions for each 
light source based on the location of the signal peak 



from each respective sensor. These one-dimensional r 
positions are then used to calculate the three-dimen- 
sional spatial coordinates forthe illuminated spot 36 and 
for the scanning head 12 in relation to the predetermined 
coordinate system 80, by coordinate transformation 
methods which are well-known in the art. The output 
from the coordinate computer 34 can be in any form de- 
sired by the operator or required by the application sys- 
tem 80, such as XYZ coordinate triples based upon 
some predetermined stationary rectangular coordinate 
system. 

The operation of the optical mensuration apparatus 
of the present invention is as follows. Upon illumination 
of a spot 36 on the surface 40 of object 38, the two spot 
sensors 16, 18 inside the scanner head 12 sense the 
angular position of the illuminated spot 36 at a given in- 
stant in time. The signals from these spot sensors 16, 
18, are directed to the control unit 32 via data line 46^ - >, 
Next, the pilot light detectors 26, 28, and 30 are used td ; ' [ 
sense the individual positions of the three pilot light mit- 
ters 20, 22, 24 in sequence as described above. That 
is, each pilot light detector 26, 28, 30, measures the an- 
gle of rays from each of three pilot light emitters 20, 22, 
24, mounted on the scanner 12. The angular data from 
each of these sensors 26, 28, and 30 are also directed 
to control unit 32 via data lines 48, 50, and 52. 

As described above, the control unit 32 converts the 
angular data from each of the sensors 16, 18, 26, 28, 
and 30, which is in analog form, to digital data and tags 
these data with information identifying their respective 
sources. These converted digital data are then proc- 
essed by removing the background noise and by using 
known signal detection methods to determine the center 
of the signal peak, thus the location of the image line 72 
on the detector 68. These position locations of the cent- 
ers of the respective signal peaks from each detector 
16, 18, 26, 28, and 30 are then directed to coordinate 
computer 34 via data line 54, which then computes the 
current location of the illuminated spot 36 with respect 
to the predetermined coordinate system 80. Sequential 
calculations and beam spot position determination can 
be made as fast as the computer can do so, thus many 
such points on the surface of the object can be deter- 
mined as they are scanned almost on a real time basis. 
These position data can be stored in computer memory, 
recalled, and correlated together to produce an image 
of the object in precise reproduction detail, or various 
points or other features on the object can be mensurated 
or used in any manner desired. 

This completes the detailed description of the meth- 
od and apparatus of the optical mensuration apparatus 
10 of the present invention. While some of the obvious 
and numerous modifications and equivalents have been 
described herein, still other modifications and changes 
will readily occur to those skilled in the art. For instance, 
the preferred embodiment uses visibl light since hu- 
man operators can readily observe if the light sources 
are operative or whether they are causing troublesom 
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reflections. Clearly, other wav lengths of electromag- 
netic radiation could be used without departing from the 
scope of the claims. Further, it would be possible to in- 
clude circuitry in the detectors which would subtract out 
the ambient light, thus improve the detection efficiency s 
of the invention. Other modifications to the detector op- 
tics and lenses are possible which would alter the image 
characteristics on the detectors. For example, cylindri- 
cal lenses could be used which have been longitudinally 
curved along an arc with a radius equal to the focal 10 
length of the lens. Similarly, the surfaces of the photo- 
detectors could also be curved, thus allowing the imag- 
es of distant light sources to remain in sharp focus re- 
gardless of their positions. Various measurements of the 
detector outputs are also possible. For example, the an- is 
gle of peak intensity, the intensity- weighted average, or 
the average of the minimum and maximum angles 
where the intensity is over some predetermined thresh- 
old value could be used. Finally, numerous enhance- 
ments of the digital data are possible by programming 20 
the coordinate computer to make the appropriate en- 
hancements, as would be obvious to those persons hav- 
ing ordinary skill in the art. 

The foregoing is considered illustrative only of the 
principles of the invention. Further, since numerous 2s 
modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention to 
the exact construction and operation shown and de- 
scribed, and accordingly, all suitable modifications and 
equivalents may be resorted to as falling within the so 
scope of the invention as defined by the claims which 
follow. 



Claims 3S 

1. Optical mensuration apparatus (10) for mapping 
and recording the location of points on a surface 
(40) of a three-dimensional object (38) being posi- 
tioned in immovable relation to position detecting 40 
means (26,28,30) remotely located from said ob- 
ject, comprising: 



tions of said illuminated spots on the surface of 
. the obj ct with respect to the position detecting 
means; 

charact rised in that 

said scanning means (12) are held such that they 
are independently movable with respect to said po- 
sition detecting means and said object. 

2. The optical mensuration apparatus of claim 1, 
wherein said scanning means (12) are hand-hold- 
able and independently movable by hand. 

3. The optical mensuration apparatus of claim 1, 
wherein said spot detector means comprises a plu- 
rality of one-dimensional spot sensing means 
(16,18) in spaced apart relation for sensing the po- 
sition of the illuminated spot (36) on the surface (40) 
of the object. 

4. The optical mensuration apparatus of claim 3, 
wherein each said one-dimensionaf spot sensing 
means comprises: 

a linear photodetector (68); and 

a lens (66) positioned between said linear pho- 
todetector and said illuminated spot on the ob- 
ject for focusing light from said illuminated spot 
onto said linear photodetector. 

5. The optical mensuration apparatus of claim 4, 
wherein each said lens (66) of each said one-di- 
mensional spot sensing means is a cylindrical lens. 

6. The optical mensuration apparatus of claim 1, 
wherein said position detecting means comprises: 
a plurality of one-dimensional pilot light sensing 
means (26,28,30) in spaced apart relation and re- 
motely located from said scanning means (12) for 
sensing the positions of a plurality of pilot light 
source means (20,22,24) mounted on said scan- 
ning means (12) for emitting a plurality of pilot light 
rays. 

7. The optical mensurations apparatus of claim 6, 
wherein each said one-dimensional pilot sensing 
means comprises: 

a linear photodetector (68); and 

a lens (66) positioned between said linear pho- 
todetector and said plurality of pilot light sou rce 
means for focusing light from said plurality of 
pilot light source means onto said linear photo- 
detector. 

8. The optical mensuration apparatus of claim 7, 



scanning means (12) for projecting a scanning 
beam (42) onto the surface of the object to illu- 45 
minate a plurality of spots (36) on the surface 
of the object wherein the position of said scan- 
ning means (12) is detectable by the position 
detecting means (26,28,30); 

so 

spot detector means (16,18) mounted to said 
scanning means for detecting the positions of . 
the illuminated spots (36) on the surface of the 
object in relation to said scanning means; and 

55 

computing means (34) connected to said posi- 
tion detecting means and to said scanning 
means for determining and recording the pbsi- 



35 



17 



EP 0 553 266 B1 



18 



wherein each said lens (66) of each said one-di- 
mensional pilot sensing means is a cylindrical lens. 

9. The optical mensuration apparatus of claim 6, 
wherein each of said plurality of light source means s 
(20,22,24) is adapted to be strobed off and on in a 
predetermined manner. 

10. The optical mensuration apparatus of claim 1, 
wherein said scanning means comprises: io 

light source means (56) for producing said 
scanning beam; and 

scanning beam direction means (58,60) for di- is 
recting said scanning beam over the surface of 
the object. 

11. The optical mensuration apparatus of claim 10, 
wherein said light source means (56) for producing 20 

. said scanning beam is a laser. 

12. The optical mensuration apparatus of claim 10, 
wherein said scanning beam direction means (60) 

is a rotating mirror having at least three sides. 2& 

13. A method for determining and mapping the loca- 
tions of surface points on a three-dimensional ob- 
ject, comprising the steps of: 

30 

positioning said object in a fixed, spatial relation 
to a position detecting means; 

projecting a scanning beam from a beam pro- 
jector mounted in a scanning device and mov- 3S 
ing the scanning device in relation to said object 
in such a manner as to illuminate a plurality of 
spots on the surface of the object; 

detecting the positions of the respective illumi- 40 
nated spots on the surface of the object in re- 
lation to the respective positions of the scan- 
ning device when each respective spot is illu- 
minated; 

45 

projecting a plurality of pilot light rays from a 
plurality of pilot light sources positioned in spa- 
tial relation to each other on said scanning de- 
vice simultaneously with the steps of projecting 
said scanning beam and detecting the positions so 
of the illuminated spots; 

detecting the plurality of pilot light rays with said 
position detecting means comprising a plurality 
of detectors positioned in spaced apart relation ss 
to each other to determine the position of the 
scanning device in relation to said position de- 
tecting means simultaneously with the step of 



detecting the positions of said illuminated spots 
on said object in relation to said scanning de- 
vice; and 

computing the positions of the illuminated spots 
on the surface of the object with respect to the 
position detecting means; 

characterised in that 

said moving the scanning device is performed inde- 
pendently from said position detecting means and 
said object 

14. The method of claim 13, wherein said moving the 
scanning device is performed by hand. 

Patentanspruche 

1. Optische Vermessungsvorrichtung (10) zum Abbil- 
.« den und Aufzeichnen der Orte von Punkten auf ei- 

nef Oberflache (40) eines dreidimenbionalen Ob- 
jekts (38), das in Bezug auf eine in Entf emung vom 
Objekt angeordnete Posttionsdetektionseinrich- 
. tung (26, 28, 30) feststehend positioniert ist, umfas- 
send: 

eine Abtasteihrichtung (12) zum Projizieren ei- 
nes Abtaststrahls (42) auf die Oberflache des 
Objekts, so daG eine Mehrzahl von Punkten 
(36) auf der Oberflache des Objekts beleuchtet 
wird, wobei die Position der Abtasteinrichtung 
(12) durch die Positionsdetektionseinrichtung 
(26, 28, 30) detektierbar ist; 

eine an der Abtasteinrichtung angebrachte 
Punktdetektionseinrichtung (16, 18) zum De- 
tektieren der Positionen der beleuchteter 
Punkte (36) auf der Oberflache des Objekts in 
Bezug auf die Abtasteinrichtung; und 

eine mit der Positionsdetektionseinrichtung 
und der Abtasteinrichtung verbundene Compu- 
te rein richtung (34) zum Bestimmen und Auf- 
zeichnen der Positionen der beleuchteten 
Punkte auf der Oberflache des Objekts in Be- 
zug auf die Positionsdetektionseinrichtung; 

dadurch gekennzeichnet, daft 

die Abtasteinrichtung (1 2) derart gehalten wird, daG 
sie in Bezug auf die Positionsdetektionseinrichtung 
und das Objekt unabhangig bewegbar ist. 

2. Die optische Vermessungsvorrichtung nach An- 
spruch 1 f in welcher die Abtasteinrichtung (12) per 
Hand gehalten werden kann und per Hand unab- 
hangig bewegbar ist. 
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3. Die optische Vermessungsvorrichtung nach An- 
spruch 1, in welcher die Punktdetektionseinrichtung 
eine Mehrzahl von eindimensionalen voneinander 
beabstandeten Punkterfassungseinrichtungen (16, 
18) zum Erfassen der Position des beleuchteten 
Punkls (36) auf der Oberflache (40) des Objekts 
umfaBt. 

4. Die optische Vermessungsvorrichtung nach An- 
spruch 3, in welcher jede eindimensionale Punkter- 
fassungseinrichtung aufweist: 

einen linearen Photodetektor (68); und 

eine Linse (66), die zwischen dem linearen 
Photodetektor und dem beleuchteten Punkt auf 
dem Objekt positioniert ist, so daB das Licht von 
dem beleuchteten Punkt auf den linearen Pho- 
todetektor fokussiert wird. 

5. Die optische Vermessungsvorrichtung nach An- 
spruch 4, in welcher jede Linse (66) jeder eindimen- 
siohalen Punkterfassungseinrichtung eine Zylin- 
derlinse ist. 

6. Die optische Vermessungsvorrichtung nach An- 
spruch 1 , in welcher die Positionsdetektionseinrtch- 
tung aufweist: 

eine Mehrzahl von eindimensionalen, voneinander 
beabstandeten und von der Abtasteinrichtung (12) 
entfemten Pilotlicht-Erfassungseinrichtungen (26, 
28, 30) zum Erfassen der Positionen einer Mehr- 
zahl von Pilotlichtquellen (20, 22, 24), die an der 
Abtasteinrichtung (12) zum Emittieren einer Mehr- 
zahl von Pilotlichtstrahlen angebracht sind. 

7. Die optische Vermessungsvorrichtung nach An- 
spruch 6, in welcher jede eindimensionale Pilotlicht- 
Erfassungseinrichtung aufweist: 

einen linearen Photodetektor (68); und 

eine Linse (66), die zwischen dem linearen 
Photodetektor und der Mehrzahl der Pilotlicht- 
quellen positioniert ist, so daB das Licht von der 
Mehrzahl der Pilotlichtquellen auf den linearen 
Photodetektor fokussiert wird. 

8. Die optische Vermessungsvorrichtung nach An- 
spruch 7, in welcher jede der Linsen (66) jeder ein- 
dimensionalen Pilotlicht-Erfassungseinrichtung ei- 
ne Zylinderlinse ist. 

9. Die optische Vermessungsvorrichtung nach An- 
spruch 6, in welcher jede der Mehrzahl der Licht- 
quelleneinrichtungen (20, 22, 24) so angeordnet ist. 
daB sie auf eine vorbestimmte Weise ein- und aus- 

. geschaltet wird. 



10. Die optisch Vermessungsvorrichtung nach An- 
spruch 1 , in welcher di Abtasteinrichtung aufweist: 

ein Lichtquelleneinrichtung (56) zum Erzeu- 
s gen des Abtaststrahls; und 

eine Abtaststrahl-Richteinrichtung (58, 60), urn 
den Abtaststrahl uber die Oberflache des Ob- 
jekts zu richten. 

10 

11. Die optische Vermessungsvorrichtung nach An- 
spruch TO, in welcher die Lichtquelleneinrichtung 
(56) zum Erzeugen des Abtaststrahls ein Laser ist. 

f5 12. Die optische Vermessungsvorrichtung nach An- 
spruch 10, in welcher die Abtaststrahl-Richteinrich- 
tung (60) ein Drehspiegel mit wenigstens drei Sei- 
ten ist. 

20 13. Ein VerfahrenzumBestimmenundAbbildenderOr- 
te von Oberflachenpunkten auf einem dreidimen- 
sionalen Objekt, umfassend die Schritte: 

Position iereh des Objekts in einer festen raum- 
2S lichen Beziehung zu einer Positionsdetektions- 

einrichtung; 

Projizieren eines Abtaststrahls durch ein 
Strahlprojektionseinrichtung, die an einer Abt- 
30 asteinrichtung angebracht ist, und Bewegen 

der Abtasteinrichtung in Bezug auf das Objekt 
derail, daB eine Mehrzahl von Punkten auf der 
Oberflache des Objekts beleuchtet wird; 

35 Detektieren der Positionen der entsprechen- 

den beleuchteten Punkte auf der Oberflache 
des Objekts in Bezug auf die entsprechenden 
Positionen der Abtasteinrichtung bei Beleuch- 
tung eines jeden entsprechenden Punkts; 

40 

Projizieren einer Mehrzahl von Pilotlichtstrah- 
len aus einer Mehrzahl von Pilotlichtquellen, 
die in raumlicher Beziehung zueinander auf der 
Abtasteinrichtung positioniert sind, gleichzeitig 
45 mit den Schritten des Projizieren des Abtast- 

strahls und des Detektierens der Positionen der 
beleuchteten Punkte; 

Detektieren der Mehrzahl der Pilotlichtstrahlen 
50 mit der Positipnsdetektionseinrichtung, welche 

eine Mehrzahl von Detektoren aufweist, die in 
einer raumlich zueinander beabstandeten Be- 
ziehung positioniert sind, um die Position d r 
Abtasteinrichtung in Bezug auf die Positionsde- 
55 tektionseinrichtung gleichzeitig mit dem Schritt 

des Detektierens der Positionen der beleuch- 
teten Punkte auf dem Objekts in Bezug auf die 
Positibnsdetektionseinrichtung zu bestimmen; 
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taches mbno-dimensionnels (16, 18) agences de 
maniere ecartee pour detecter la position de la ta- 
che illuminee (36) de la surface (40) de I'objet. 

Dispositif de mesure optique selon la revendication 
3, dans lequel chacun des moyens de detection de 
tache mono-dimensionnels comporte : 



und 

Berechnen der Positionen der beleuchteten 
Punkte auf der Oberflache des Objekts in Be- 
zug auf die Positbnsdetektionseinrichtung; 

dadurch gekennzeichnet, daB 

das Bewegen der Abtasteinrichtung unabhangig 
von der Positionsdetektionseinrichtung und dem 
Objekt durchgefuhrt wird. 

14., Das Verfahren nach Anspruch 13, in welchem das 
Bewegen der Abtasteinrichtung per Hand durchge- 
fuhrt wird. 



Revendications 

1. Dispositif de mesure optique (10) pour le releve et 
Penregistrement de remplacement de points situes 
sur une surface (40) d'un objet tridimensionnel (38) 
positionn6 de maniere immobile par rapport & des 
moyens de detection de position (26, 28, 30) situes 
& distance dudit objet, comportant : 

des moyens de balayage (1 2) pour projeter un 
faisceau de balayage (42) sur la surface de 
Tobjet pour illuminer plusieurs taches (36) sur 
la surface de I'objet dans lequel la position des- 
dits moyens de balayage (12) petit etre detec- 
tee paries moyens de detection de position (26, 
28,30); 

des moyens formant deteeteur de tache (16, 
18) agences sur lesdits moyens de balayage 
pour detecter les positions des taches illumi- 
nees (36) de la surface de I'objet par rapport 
auxdits moyens de balayage ; et 
des moyens de calcul (34) relies auxdits 
moyens de detection de position et auxdits 
moyens de balayage pour determiner et en re- 
gister les positions desdites taches illuminees 
de la surface de Tobjet par rapport aux moyens 
de detection de position ; 

i 

caracterise en ce que 

lesdits moyens de balayage (1 2) sont mainte- 
nus de telle sorte qu'ils sont mobiles de maniere in- 
dependante par rapport auxdits moyens de detec- 
tion de position et audit objet. 

2. Dispositif de mesure optique selon la revendication 
1, dans lequel lesdits moyens de balayage (12) 
peuvent etre maintenus k la main et peuvent etre 
deplaces & la main de maniere independante. . 

3. Dispositif de mesure optique selon la revendication 
1 , dans lequel I sdits moyens formant deteeteur de 
tache comportent plusieurs moyens de detection de 



un photodetecteur lineaire (68) ; et 
io une lentille (66) positionnee entre ledit photo- 

detecteur lineaire et ladite tache illuminee de 
I'objet pour f ocaliser la lumiere provenant de la- 
dite tache illuminee sur ledit photodetecteur li- 
neaire. 

is 

5. Dispositif de mesure optique selon la revendication 
4, dans lequel chaque lentille (66) de chacun des- 
dits moyens de detection de tache mono-dimen- 
sionnels est une lentille cylindrique. 

20 

6. Dispositif de mesure optique selon la revendication 
1, dans lequel lesdits moyens de detection de po- 
sition comportent : 

plusieurs moyens mdno-dimehsionnels de 
25 detection de lumiere pilote (26. 28, 30) agences de 
maniere ecartee et situes h distance desdits 
moyens de balayage (12) pour detecter les posi- 
tions de plusieurs moyens formant source de lumie- 
re pilote (20, 22, 24) agences sur lesdits moyens de 
30 balayage (1 2) pour emettre plusieurs rayons de lu- 
miere pilote. 

7. Dispositif de mesure optique selon la revendication 

6, dans lequel chacun desdits moyens mono-di- 
35 mensionnels de detection de lumiere pilote 

comporte : 

un photodetecteur lineaire (68) ; et 
une lentille (66) positionnee entre ledit photo- 
. deteeteur lineaire et lesdits plusieurs moyens 
formant source de lumiere pilote, pour focalis r 
la lumiere provenant desdits plusieurs moyens 
formant source de lumiere pilote sur ledit pho- 
todetecteur lineaire. 

45 

8. Dispositif de mesure optique selon la revendication 

7, dans lequel chaque lentille (66) de chacun des- 
dits moyens mono-dimensionnels de detection de 
lumiere pilote est une lentille cyiindrique. 

50 

9. Dispositif de mesure optique selon la revendication 
6, dans lequel chacun desdits plusieurs moyens for- 
mant source de lumiere (20, 22, 24) est adapte pour 
§tre allume et eteint par stroboscopie de maniere 

55 predeterminee. 

10. Dispositif de mesure optique selon la revendication 
1, dans lequel lesdits moyens de balayage 
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comportent : 

des moyens formant source de lumiere (56) 
pour produire tesdits faisceaux de balayage ; et 
des moyens de direction de faisceau de balaya- s 
. ge (58, 60) destines a diriger ledit faisceau de 
balayage sur la surface de Tobjet. 

11. Oispositif de mesure optique selon la revendication 
10, dans tequel lesdtts moyens formant source de 10 
lumiere (56) destined a foumir ledit faisceau de ba- 
layage sont un laser. 



caracterisd en ce que 

ledit defacement du dispositif de balayage 
est realise de maniere independante desdits 
moyens de detection de position et dudtt objet. 

1 4. Procede selon la revendication 1 3, dans lequel ledit 
deplacement du dispositif de balayage est realise a 
la main. 



12. Dispositif de mesure optique selon la revendication 

10, dans lequel lesdits moyens de direction de fais- is 
ceau de balayage (60) sont un miroir rotatif ayant 
au moins trois cotes. 

13. Precede de determination et de releve des empla- 
cements de points d'une surface situ6s sur un objet 20 
a trois dimensions, comportant les etapes consis- 
tanta: 

positionner ledit objet dans une relation spatia- 

le fixe par rapport a des moyens de detection 2s 

de position ; 

projeter un faisceau de balayage a partir d'un 
projecteur de faisceau agenc6 dans un dispo- 
sitif de balayage et deplacer le dispositif de ba- 
layage par rapport audit objet de maniere a il- so 
luminer plusieurs taches sur la surface de 
Tobjet ; 

detecter les positions des taches illuminees 
respectives sur la surface de Tobjet en relation 
avec les positions respectives du dispositif de 3S 
balayage lorsque chaque tache respective est 
illumined ; 

projeter plusieurs rayons de lumiere pilote a 
partir de plusieurs sources de lumiere pilote po- 
sitionn6es selon une relation spatiale les unes 40 
par rapport aux autres sur ledit dispositif de ba- 
layage de maniere simuttanee avec les stapes 
de projection dudit faisceau de balayage et de 
.detection des positions des taches illuminees ; 
detecter les plusieurs rayons de lumiere pilote *s 
par P intermedial re desdits moyens de detection 
de position comportant plusieurs detecteurs 
positionner de maniere espacee les uns par 
rapport aux autres pour determiner la position 
du dispositif de balayage par rapport auxdits so 
moyens de detection de position de maniere.si- 
muftanee avec Tetape de detection des posi- 
tions desdrtes taches illuminees sur ledit objet 
en relation avec ledit dispositif de balayage ; et 
calculer les positions des taches illuminees sur ss 
la surface de Tobjet par rapport aux moyens de 
det ction de position ; 
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PURPOSE: To obtain a device for detecting an 
underwater target for submerging under a deep sea by 
applying a principle of a holography, and detecting the 
exhaust heat which follows up cooling of a nuclear 
reactor of a nuclear submarine. 

CONSTITUTION: A laser pulse 10 generated from a 
pulse laser generating device 1 is split into an 
information light 1 and reference light 12 by a light 
beam splitter 2, and the information light 11 is 
converted to suitable luminous fluxes 15, 15' by a 
transmitting/receiving optical system and radiated to 
the sea surface 9. Reflected/scattered laser beams 16, 
16' from the sea surface 9 are received by the 
transmitting/receiving optical system 3 and superposed 
on the reference light 12 as a modulated light 13 
containing the information of exhaust heat 14, 14* and 
recorded in an interference fringe recorder 4, and 
reproduced as an image by a reproducing device 5. The 
reproduced image is processed by an image processor 6 
and whether the exhaust heat 14, 14' exists on the sea 
surface or. not, its characteristic, etc. are extracted 
and displayed, and a nuclear submarine 8 is detected. In 
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